IN a previous paper by Teale and Embleton [1] it was noted that bacteria inoculated into the circulation rapidly disappeared from the peripheral circulation and could then be demonstrated only in the internal organs such as the lung, liver, spleen and marrow. Wyssokowitsch [2] noted that the bacteria rapidly disappeared from the blood, and expressed the view that it was simply due to a process of filtration in the capillaries. Werigo [3] showed that virulent anthrax bacilli are rapidly phagocytosed by the leucocytes and fixed phagocytes in the circulation of the rabbit. Bull [4] in a series of papers draws the conclusion that the process is one of agglutination and only occurs if the animal inoculated has an agglutinin against the bacterium inoculated. Metchnikoff [5] believed that agglutination played no part in active or passive immunity processes. Salimbeni [6] came to the same conclusion. Sawtschenko and Melkick [7] believed that agglutination of the spirilla of relapsing fever occurred in the plasma, but incompletely because of the rapid movement of the blood. lAt a meeting of the Section, held February 3, 1920. 2 The expenses of the research were defrayed by a grant from the Medical Research Committee.
The subject of the removal of bacteria and the factors causing it were investigated in the following series of experiments (A) Experiments dealing solely with the disappearance of different types of bacteria.
(1) Those against which the animal normally has some type of antibody. (2) Those against which the animal has no antibody. (B) The mechanism of removal.
(a) Phagocytosis by free and fixed cells. (b) Factors preliminary to phagocytosis. (C) The mechanism of removal by sera, &c., during secondary bacteriemia.
Rabbits were used for these experiments. The ears were shaved, sterilized by rubbing with lysol, the lysol was removed with alcohol, the ear was then dried and warmed. The marginal vein on one side was cut, lightly clipped, and covered with sterile wool. The injection was made into the opposite marginal vein, blood was allowed to flow from the cut marginal vein at intervals into sterile watch glasses and accurately measured. Amounts of 100 c.mm. of this blood were taken and blown into 6-in. Petri dishes containing a small quantity of broth. The pipette was then washed out with nutrient broth, the washings being added to the contents of the Petri dish; after careful mixing, liquefied agar, rebipelagar or other medium was added and the whole intimately mixed. The number of colonies developing was counted after twenty-four hours or longer, depending on the rate of the growth of the organisms experimented with. All experiments were made in duplicate and the average of the results taken.
(A) (1) ORGANISMS AGAINST WHICH THE RABBIT HAS AN AGGLUTININ OR BACTERIAL ANTIBODY. Experiment 1: Bacillus typhosus.-A quarter of an agar streak slope of a laboratory strain was inoculated intravenously into a rabbit of 2,090 grm. Agglutinating titre of the serum against Bacillus typhosus 1 : 10. 
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Experimient 4: Bacillus coli.-Half a slope of a twenty-four hours old agar streak culture was inoculated intravenously into a rabbit of 2,520 grm. Agglutination titre 1: 20. Animal died in two hours. [7] was used, a quarter of a twenty-four hours' agar slope culture being inoculated intravenously into a rabbit of 1,890 grm.
Colonies per cubic centimetre of Blood. 1 In view of the results of Bull [8] with this organism other experiments were made with the same organism and with sibmilar results, thus differing from those of Bull. Experiment 9: Bacillus of Chicken Cholera.-One-third of a fortyeight hours' culture on an agar slope was inoculated intravenously into a rabbit of 1,800 grm. Experiment 15: Washed Spores.-" Washed" spores of hot growing Bacillus mycoides. A well-spored culture was washed up in saline, heated to 80°C. for three hours to " wash " the spores, and 0 5 c.c. of the thick emulsion was inoculated into a rabbit, weighing 2,020 grm., intravenously. This experiment shows that spores are removed in the same way from the peripheral circulation as vegetative forms. nest carried out with this organism since the normal animal has no agglutinin normally present against it. Hence the contrast between the normal and immune animal would be more complete than in the case of Bacillus typhosus. The rabbits were immunized according to the method published by Miss Chick [10] . Into each rabbit was injected intravenously half an agar slope of a twenty-four hours' culture of Bacillus dysenteriw (Shiga). From these experiments it is obvious that bacteria rapidly disappear from the peripheral blood stream and as shown by the previously published experiments [1] from the heart's blood.
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(1) The disappearance apparently does not depend on the presence of an agglutinating antibody in the blood of tbe infected animal, nor upon the rapid bactericidal action of the blood as judged by the known action of the serum in vitro.
(2) The pathogenicity of the organism has little influence on the rate of disappearance, since bacteria which are invariably fatal to rabbits, the Bacillus dysenteriam (Shiga), Bacillus suicholera and the chicken cholera bacillus disappear as readily as others which are not pathogenic or less constantly so. This is in agreement with the result obtained by C. Ten Broeck [11] with Bacillus shiga and Bacillus suicholerae.
(3) Increasing the virulence of the bacterium only slightly affects the disappearance from the circulation in the initial stages of the infection. This agrees with the results of Hopkins and Parker [14] and is contrary to those of Bull.
(4) With a fatal issue the bacteria may reappear in the circulation in large numbers or the animal may die before such secondary bacteriaemia can occur.
(5) The rate of removal is exactly the same even if the animal dies very rapidly (in two hours) from the inoculation (cf. Experiments 3 and 4) .
In addition there are small secondary waves of reappearance of bacteria in the peripheral circulation. The experiments under section (A) clearly prove that the removal is not due to the agglutinative properties of the blood plasma.
In the experiments previously published by Embleton and one of us [1] it was seen that the bacteria, whilst absent from the heart's blood, were present in large numbers in-the liver, spleen, lungs and bonemarrow, and could be demonstrated there for long periods. Hence the rapid disappearance from the peripheral circulation and heart's blood cannot be due to a rapid germicidal action of the blood plasma. C. T. Bull [4] as the results of his experiments came to the conclusion that the removal of bacteria from the circulation was due to the action of agglutinins in the plasma, thus facilitating very active phagocytosis in the capillaries, especially of the lungs and liver.
From our experiments we note that phagocytosis occurs in the capillaries of the liver, lungs and spleen especially. The phagocytosis is effected not onily by the leucocytes of the blood but by the fixed cells in the liver, spleen and lungs. In the animals experimented upon both wandering and fixed phagocytes bore a part in the removal of the bacteria. No difference was noted in this respect with any of the bacteria experimented with, whether pathogenic or not. It was also found that no bacterium was specially phagocytosed by one type of cell and not by the other. This is contrary to the results obtained by Preston Kyes [12] in the case of pneumococcal infection in the pigeon. This bird is very immune to the pneumococcus, and Kyes states that the phagocytosis of this bacterium is wholly carried out by the fixed phagocytes of the liver and spleen, the wandering phagocytes apparently playing no part at all. Our experiments further show that there is no difference in the degree of rapidity of phagocytosis in an immune animal as compared with a normal one. There appears to be no evidence that the antibodies, normal or acquired, act as opsonins. In smears made from the capillary blood it appears that the bacteria are taken up very irregularly, about 10 per cent. of the polymorphonuclear neutrophiles contained bacteria, and these had engulfed large numbers so that the distribution was just like that in the phagocytosis in vitro in the absence of opsonin. Finally, our experiments show that the mechanism underlying the removal of the bacteria in the capillaries of the liver, lungs, &c., is the entanglement of the bacteria into loose clumps by a mass of blood platelets and gelatinous material (? incipient fibrin). The leucocytes then get into contact with the periphery of these masses of entangled bacteria, and are thus enabled to take up the bacteria readily in large numbers from these clumps. Later the platelets and gelatinous material disappear, and only the bacteria-laden phagocytes remain. This can be readily seen from the drawings made from photographs (figs. 7-13, pp. 101-104).
All the films made for these observations were spread thinly and as evenly as possible and rapidly dried. The emulsions of bacteria used for the inoculations were mechanically shaken for separation as in vaccine preparation. In all the films it was noted that the bacteria did not remain separate long, even quite early after the inoculation-three minutes-the majority of the bacteria were collected into loose irregular groups, lying in a gelatinous-looking mass, which apparently consisted of blood platelets and incipient fibrin.
In the films nmade from experiments shortly after the inoculationone to three minutes-these collections of bacteria, more or less closely 88 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Section of Pathology aggregated, lying in the mass of blood platelets, were not phagocytosed to any appreciable degree: the leucocytes in the majority of cases not being in very close contact. Later, five minutes or more, usually several phagocytes were noted in the neighbourhood of and, apparently, inside the mass of blood platelets, actively taking up the bacteria. Finally the process of phagocytosis was completed, and the blood platelet masses disappeared.
It might be argued that these masses with their included bacteria were artefacts, and were not present in vivo, but were formed during the process of drying and preparing the film. If this were so it is difficult to explain-(1) How such relatively large masses of blood platelets, &c., should occur so regularly in these blood films made thinly and dried quickly, as it is well known that ordinary blood films made from blood just about to coagulate show scattered platelets or only very small groups.
(2) How these masses of platelets should be able to entangle the bacteria and draw them away from a wide surrounding area and leave the other cells undisturbed.
(3) How later the leucocytes become involved in these masses of platelets and bacteria.
It is difficult to believe that the relatively large leucocytes could be drawn in from a wide surrounding area by a simple process of entanglement and shrinkage in early clot formation even if it were so with bacteria. Again, it is practically only polymorphonuclear leucocytes which are seen in these clumps.
These clumps of leucocytes, bacteria and blood platelets occur with such unfailing regularity in all specimens made, and are practically the only places where there is evidence of bacteria or of phagocytosis, that it seems to us to be absolutely indicated that the removal of bacteria from the blood is due to the entanglenment of the bacteria in the masses of blood platelets and gelatinous fibrinous material (the bacteria acting as foreign particles) and subsequent phagocytosis. Ten Broeck [11] in his experiments with Bacillus suicholerm notes the same gelatinous masses entangling these bacteria.
The following experiments were performed to observe and compare the rate of phagocytosis of different bacteria in the various -tissues after intravenous inoculation. Films were made from the various tissues and stained with Leishman's stain. A large number of areas of the film were examined, the number of free and phagocytosed bacteria and percentage of leucocytes with bacteria were enumerated. From these experiments it will be seen that-(I) (a) Non-pathogenic organisms, (b) virulent organisms, (c) pathogenic organisms, are phagocytosed at about the same rate and about the same percentage of leucocytes acts as of phagocytes.
(II) The phagocytosis in the immune animal is the same as in the non-immune and the circulatory antibodies appear to take no part in the preliminary removal of bacteria from the circulation.
(B) (a) For the experiments relating to phagocytosis by the fixed cells, three bacteria only were used, viz., a virulent Bacillus mycoides as type of highly virulent pathogenic organism, Bacillus Hoffmantn as an example of a bacterium which was practically non-pathogenic, and Bacillus coli as a Gram-negative organism. The cultures were inoculated intravenously, the animals killed after definite intervals, and the organs removed so as to keep the vessels distended. They were fixed in formalin and Muller's solution, and stained by the eosin-Gram-Weigert method, or by Loeffler's method. Experiment 29: Bacillus mycoides.-One twenty-four hour agar slope was inoculated. Five minutes: No fixed tissue cell phagocytosis could be seen either in the spleen or the lung. Fifteen minutes: Liver-The Kupffer's cells showed the presence of Bacillus mnycoides inside them. Spleen-Bacilluts mycoides present in leucocytes and fixed tissue cells at the periphery of the Malpighian corpuscle; none in centre of the corpuscle; sinuses contained leucocytes with bacteria, also showed phagocytosis by the endothelial cells of the sinuses. Lung-Showed no fixed tissue cell phagocytosis. One hour: Spleen and liver the same as above only more marked; lung also marked phagocytosis by the endothelial cells. Experiment 30: Bacillus Hoffmann.-Three slopes were used for each inoculation. Five minutes. No fixed tissue cell phagocytosis seen, but the leucocytes showed phagocytosis. Fifteenminutes: Liver-The Kupffer's cells had taken up numerous bacteria. Spleen-In addition to the phagocytosis by leucocytes in the periphery of the Malpighian corpuscle, the fixed splenic cells had taken up large numbers, as well as endothelial cells of sinuses. Lung-The endothelial cells of the capillaries also contained large numbers of bacteria. One hour: Same as fifteen minutes. Six hours: Same as fifteen minutes, only more marked (vide plates).
Experiment 31: Bacillus coli.-One slope of Bacillus coli was inoculated intravenously into each of a series of guinea-pigs. At first we were unable to obtain leech extract to render the blood incoagulable or greatly delay its coagulability, so our preliminary experiments were made on cats, the coagulability of whose blood is greatly delayed by peptone. Experiment 32.-Two cats were ancesthetized with ether: one slope of Bacillus coli was inoculated into the jugular vein of each, and one was given 4 grm. of peptone per kilo five minutes before the bacterial inoculation. Specimens of blood were taken by puncturing the opposite jugular vein in a different place each time. Thus we see that ether narcosis does not affect removal of the bacteria, and apparently interference with clotting affects the removal of the bacteria in the cat. In order to prove that peptone is not inhibitory to phagocytosis, two guinea-pigs were inoculated intraperitoneally with equal amounts of Bacillus coli, and one had 1 c.c. of 10 per cent. peptone as well; after five minutes both were killed and smears from the peritoneal cavity and omentum showed equal degree of phagocytosis in both. Subsequently we were able to obtain leeches and prepare leech extract. The extract was very effectual; 1 c.c. completely prevented the clotting of 10 c.c. of rabbit's blood in vitro for twenty-four hours.
Experiment 33.-Three rabbits were taken of approximately the same weight: (1) normnal, (2) normal, (3) immune, agglutinating titre against Bacillus tlphosus 1 : 10,000. Into each was inoculated intravenously half a slope of Bacillus typhosus, and into (2) and (3) 
3,000
Experiments with Bacillus dysenteriw (Shiga).
Experiminent 37.-Two normal rabbits: (a) 1,920 grm., was given one third of a slope of Bacillus dysenteriw (Shiga) intravenously in 5 c.c. normal saline; (b) 1,800-grm., was given one-third of a slope of Bacillus dysenteriw (Shiga) intravenously in 5 c.c. of leech extract. 
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These experiments show that although leechextract and peptone sometimes prevent the initial rapid disappearance of the bacteria from the circulation, they do not always do so. Generally, however, they cause delay, the disappearances not being so rapid as when the peptone and extract are not used. Further experiments showed that it is possible to kill guinea-pigs by intravascular clotting if quantities of 5 c.c. of a very thick bacterial emulsion (Bacillus mycoides) are used, but if the emulsion is made up in leech extract this does not occur.
Further evidence of the purely physical coagulative factor shown in these experiments in vivo on the blood is given by the observations made by us that when bacteria are mixed with leech whole blood or leech plasma more or less rapid coagulation of these takes place after the addition of the bacterial emulsions. Thus leech blood was obtained from a rabbit (2 c.c. of leech extract to 8 c.c. of rabbit's blood); this mixture did not coagulate when left alone at the room temperature for twenty-four hours. It was divided into two parts: one was centrifugalized at a high speed to sediment the corpuscles to obtain the plasma, 94 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Section of Pathology the other was left untouched. Emulsions of bacteria, Bacillus coli, staphylococci, &c., were added to these and it was found that coagulation *of the blood occurred in thirty to sixty minutes, according to the amount of the bacterial emulsion used; the plasma coagulated after several hours.
The conclusion to which we have been forced to come is that the preliminary removal and phagocytosis of bacteria in the circulation are not due either to agglutination or opsonization, but to the bacteria acting as foreign particles and producing small areas of clotting around them. These masses of bacteria and early clot accumulate in the periaxial stream of the large capillaries of the liver, lung, spleen, &c., and then phagocytosis occurs.
The previous section as well as this appear to give conclusive evidence that agglutinins take no part in the removal of bacteria injected into the circulation, since in the highly immune animals the rate of removal is the same as in the normal, and bacteria which are highly virulent and against which the animal has no agglutinin-e.g., Shiga's bacillus, and -the chicken cholera bacillus, are removed in the same way, and as rapidly as others.
The relatively small proportion of leucocytes taking up bacteria and the dense packing of these with bacteria is just like what is seen in the spontaneous phagocytosis in the absence of opsonin in vitro.
(C) The question of removal of the bacteria from the peripheral blood in the stage of bacterimmia following the temporary primary removal was next investigated. C. J. Bull [13] showed that anti-sera caused the disappearance of the organisms from the peripheral circulation at that stage, and believed that this occurred in virtue of the specific agglutinating properties of the antisera used.
(a) Experiments showitng that anw Antiserum causes the Disappearance of Bacteria from thle Circulation in the Secondary Bacteriaermia. Experiment 38.-A rabbit weighing 1,620 grm. was given half a slope of fairly virulent Bacillus typhosus intravenously; twenty-four hours later a culture was made from its blood and then 4 c.c. of rabbit typhoid agglutinating serum (1 10,000) was inoculated intravenously.
Cultures made as before.
Per cubic centimetre of blood Before the inoculation of the serum there were 2,500 colonies 5 minutes after ,, , Before the inoculation of the serum there were 8,000 colonies 5 minutes after ,, , Before the inoculation of the serum there were 5,600 colonies 5 minutes after ,, , Here again 'the leech extract prevents the rapid elimination from the peripheral circulation.
CONCLUSIONS.
These experiments bring out the following facts: (1) All forms of bacteria get rapidly removed from the circulating blood and accumulate in the capillaries of the liver, spleen, lung, &c.
(2) This removal occurs with pathogenic, virulent, or nonpathogenic bacteria.
(3) This removal is not due to the action of antibodies acting as agglutinins or opsonins. The process is purely a physical one and is due to the bacteria being foreign particles, causing the formation of incipient clot and entanglement of the bacteria.
(4) This aggregation and phagocytosis can be greatly delayed by anticoagulants. (5) There is no difference in the amount of phagocytosis by the fixed tissue cells and leucocytes if the bacterium is pathogenic or nonpathogenic.
(6) Antisera do not cause removal of bacteria in secondary bacterihmia in virtue of agglutinins, &c., but merely because they are foreign sera. The same result can be obtained by the inoculation of other bacteria. The free bacteri& in bacteriaemia get entangled in the masses of clot formed and get phagocytosed with the other bacteria inoculated. Section of the lung of a guinea-pig inoculated fifteen minutes previously with an emulsion of Bacillus Hoffmann. Note numerous bacteria in swollen endothelial cells. Section of the liver of a guinea-pig inoculated, fifteen minutes previously, with an emulsion of a very virulent culture of Bacillus mnycoides. Note bacteria in Kupffer's cells.
